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IORRUVDQGVKRWFUHWH7KHEDVLFLGHDLVSDUWLDORUWRWDOVXEVWLWXWLRQRIFRQYHQWLRQDOUHLQIRUFHPHQWUHEDUVRUZHOGHG
PHVKZKLFKFRXOGEHHFRQRPLFDOO\SURILWDEOHVLQFHKLJKHUFRVWRI)5&PDWHULDO LVFRPSHQVDWHGE\UHGXFWLRQ LQ
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SURGXFWLRQSURFHVVRIHOHPHQWVZLWKRXWUHEDUVLVHDVLHUDQGTXLFNHUDQGPRUHRYHUSODFLQJRIUHEDUUHLQIRUFHPHQWLQ
VXFKWLQ\HOHPHQWLVYHU\GHPDQGLQJDQGODERXUFRQVXPLQJ
,Q WKH ODVW GHFDGH UDSLG GHYHORSPHQW LQ WKH VSKHUH RI VWUXFWXUDO FRQFUHWH UXQ XS LQFOXGLQJ LQWURGXFWLRQ RI
SURJUHVVLYH WHFKQRORJLHV DQG DSSOLFDWLRQV RI LQQRYDWLYHPDWHULDOV OLNH YDULRXV W\SHV RI ILEUH UHLQIRUFHG FRQFUHWH
)LEUHVDIIHFWUHVXOWLQJSURSHUWLHVRIFRQFUHWHFRPSRVLWHVWRWKHJUHDWH[WHQWDQGHQDEOHLQQRYDWLYHSURFHGXUHVWREH
LQWURGXFHG LQWR WHFKQRORJ\ DQG SURGXFWLRQ RI FRQFUHWH PHPEHUV DQG VWUXFWXUHV 6LJQLILFDQFH RI ILEUHV LQ ILEUH
UHLQIRUFHGFRQFUHWHLVQRWRQO\LQLPSURYHPHQWRIWKHSHUIRUPDQFHRI)5&LQFRPSDULVRQWRWKHSODLQFRQFUHWHEXW
DOVRLQDSSOLFDWLRQLQUHLQIRUFHGFRQFUHWHVWUXFWXUHVKLJKVWUHQJWKDQGXOWUDKLJKVWUHQJWKFRQFUHWHV)RUDSSOLFDWLRQ
RI )5& LQ VWUXFWXUDO PHPEHUV LW LV QHFHVVDU\ WR HQVXUH ERWK DSSURSULDWH WHFKQLTXH IRU SURGXFWLRQ DQG DGHTXDWH
JXLGHOLQHVIRUGHVLJQ0DWHULDOSURSHUWLHVRI)5&KDYHEHHQLQYHVWLJDWHGVLQFHVDQGEHQHILWVRI)5&DUHEH\RQG
DOO GRXEW /DWHO\ XWLOLVDWLRQ RI )5& LQ VWUXFWXUDO HOHPHQWV KDV EHHQ IRFXVHG DV ILEUHV LQ D VWUXFWXUH LPSURYH
VWUXFWXUDO EHKDYLRXU XQGHU VHUYLFH ORDG IDWLJXH UHVLVWDQFH HQKDQFH VHUYLFH OLIH DQG SURYLGH DGYDQWDJHRXV IDLOXUH
PHFKDQLVPGXHWRKLJKHUGXFWLOLW\,WLVDOVRSURYHGWKDWWKDQNVWRILEUHVWKHDPRXQWRIVKHDUUHLQIRUFHPHQWPD\EH
UHGXFHG)RUH[WHQVLRQRI)5&XWLOLVDWLRQPRUHLQYHVWLJDWLRQVRIVWUXFWXUDOEHKDYLRXUKDYHWREHSURYLGHG5HVHDUFK
SUHVHQWHGLQWKLVSDSHULQWHQGVWREHDFRQWULEXWLRQWRWKHVWUXFWXUDO)5&GHYHORSPHQW
)LEUHFRQFUHWHDQGVXVWDLQDEOHVWUXFWXUDOGHVLJQ
2SWLPLVDWLRQ RI D VWUXFWXUDO GHVLJQ FRXOG EH DFKLHYHG E\ XVH RI PDWHULDO WKDW FRYHUV DOO GHPDQGV VWDWHG IRU
SDUWLFXODU VWUXFWXUDO PHPEHU 'LVSHUVHG ILEUHV LQ D FRQFUHWH PL[WXUH LPSURYH PDWHULDO SURSHUWLHV DQG VWUXFWXUDO
EHKDYLRXU)LEUHFRQFUHWHPHPEHUVDUHPRUHGXFWLOHKDYHIDYRXUDEOHOD\RXWRIFUDFNVVRPHNLQGRIILEUHVHQKDQFH
WHQVLOHVWUHQJWKRIWKHEDVLFPDWHULDORWKHUILEUHVSUHYHQWFUDFNLQJGXHWRVKULQNDJHDQGYROXPHFKDQJHV(QKDQFHG
SHUIRUPDQFHRIWKHILEUHFRQFUHWHVWUXFWXUHHQDEOHVGHFUHDVHRIGLPHQVLRQVRIWKHHOHPHQWDQGGHFUHDVHRIDPRXQWRI
FRQYHQWLRQDO UHEDU UHLQIRUFHPHQW/RZHUFRQVXPSWLRQRIPDWHULDOVVLJQLILHV ORZHUHQYLURQPHQWDO LPSDFWDQGFRVW
VDYLQJVDWWKHVDPHWLPH7RDFKLHYHVXFFHVVIXOXWLOLVDWLRQRI)5&WKDWZRXOGUHDOO\OHDGWRVDYLQJVDQGGHFUHDVHRI
PDWHULDO DQGHQHUJ\FRQVXPSWLRQD VXLWDEOHPDWHULDO IRUSDUWLFXODUDSSOLFDWLRQPXVWEHGHVLJQHG7KHRUHWLFDO DQG
H[SHULPHQWDOLQYHVWLJDWLRQVRIWKH)5&EHKDYLRXUSHUIRUPHGIRUIRXUGHFDGHVEURXJKWDERXWPXFKH[SHULHQFHDQG
UHVXOWV RI WHVW LQ WKH DUFKLYH GDWDEDVH DUH WKH EDVLV RI SURVSHURXV DSSOLFDWLRQ RI ILEUH FRQFUHWH WRJHWKHU ZLWK
FRQYHQLHQW VWUXFWXUDO DQDO\VLV $ VLPSOH WUDQVSDUHQW GHVLJQ SURFHGXUH ZDV HVWDEOLVKHG DQG YHULILHG LQ VHYHUDO
DSSOLFDWLRQVRI)5&LQDVWUXFWXUDOHOHPHQW+HUHIROORZVDGHVFULSWLRQRIWKHGHVLJQSURFHVVLQVXEVHTXHQWVWHSVDQG
DQH[DPSOHRILWVXVH
(IIHFWLYH DSSOLFDWLRQ RI )5& LQ VWUXFWXUH LV EDVHG RQ WKH IROORZLQJ DVSHFWV FKRLFH RI VXFK DPHPEHUZKHUH
)5&LVDEHQHILWWKHVHFRQGVWHSLVVLPSOHHODVWLFDQDO\VLVZKHUHWKHVWUHVVVWDWHRIWKHHOHPHQWLVGHWHUPLQHGDQG
VHFWLRQV ZLWK H[WUHPH VWUDLQ IRXQG GHVLJQ RI VXLWDEOH )5& PL[ DFFRUGLQJ WR WKH ORDGLQJ DQG VWUHVVHV GHVLUHG
SURSHUWLHV DQG EHKDYLRXU RI WKH HOHPHQW IROORZV DFFRPSDQLHG E\PDWHULDO WHVWV DQG WKH ODVW VWHS LV  YHULI\LQJ RI
PDWHULDOSURSHUWLHVWHFKQRORJ\DQGWHVWLQJRIWKHILEUHFRQFUHWHPHPEHU
6WUXFWXUDODQDO\VLVRI)5&PHPEHUV
*HQHUDOO\ WKH)5&FKDUDFWHULVWLFV IRU WHQVLRQ ODUJHO\ LQIOXHQFH WKHEHQGLQJUHVLVWDQFHDQG WKHVKHDUUHVLVWDQFH
SURSHUWLHVRIWKHVWUXFWXUH%\HVWLPDWLQJWHQVLOHFKDUDFWHULVWLFVDGHTXDWHO\LWLVHQFRXUDJHGWRSURGXFHWKHVWUXFWXUH
ZLWKHIILFLHQWVDIHW\DQGDOVRZLWKWKHHFRQRPLFDOUDWLRQDOLW\
3ULRUWRSURSRVLQJDVXLWDEOHPHWKRGRORJ\IRU)5&VWUXFWXUHVGHVLJQGHPDQGVRQ)5&DQDO\VLVVKRXOGEHVWDWHG
'HVLJQLQJRI)5&HOHPHQWVPXVWEHFRPSDWLEOHWRFRQFUHWHVWUXFWXUHVDQDO\VLV%HQHILWVRIILEUHUHLQIRUFHGFRQFUHWH
PXVWEH WDNHQ LQWRDFFRXQW$JHQHUDO URXWLQH IRU)5&PHPEHU LVQRW VWDQGDUGL]HG\HW7KHUHDUHPDQ\ W\SHVRI
ILEUHVDQGFRQFUHWHVZLWKGLYHUVHEHKDYLRXU7KHVHDUHWKHUHDVRQVWRILQGPHWKRGRORJ\DVVLPSOHDQGDVORZFRVWDV
SRVVLEOH
$QDO\VLVRIDQ\VWUXFWXUHPXVWEHEDVHGRQUHDOLVWLFPDWHULDOSURSHUWLHVDQGVXLWDEOHPDWHULDOPRGHO7KHEDVLF
PDWHULDOFKDUDFWHULVWLFVVKDOOEHGHWHUPLQHGLQFRPPRQODERUDWRU\WHVWVFRPSUHVVLRQWHVWWHQVLRQWHVWIOH[XUDOWHVW
DQGDGGLWLRQDO
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5HVHDUFKRI)5&SURSHUWLHVDQGEHKDYLRXU
,QDQH[SHULPHQWDOSURJUDP)5&ZLWKSRO\SURS\OHQHVWHHO ILEUHVKDVEHHQ LQYHVWLJDWHG7KHHIIHFWRIDGRVDJH
DQGDW\SHRIILEUHVRQORDGEHDULQJFDSDFLW\DQGVHUYLFHORDGEHKDYLRXUZLWKGLIIHUHQWW\SHVDQGDPRXQWRIILEUHV
ZDVPRQLWRUHG7KHSURJUDPZDVIRFXVHGRQILQGLQJRISURSHUPDWHULDOPRGHO IRUGHVLJQDQGHYDOXDWLQJPDWHULDO
PRGHOLQIOXHQFHRQWKHVWUXFWXUDODQDO\VLV
7KHVH SRVLWLYHV RI SRO\SURS\OHQH PDWHULDO DUH FRPPRQO\ NQRZQ >@  FRQFUHWH ZLWK  YROXPH FRQWHQW RI
SRO\SURS\OHQHILEUHVVKRZHGJRRGZRUNDELOLW\RI WKHPL[WXUHZLWKFRPPRQ ILEUHFRQWHQWSURSHU ILEUHGLVSHUVLRQ
ZDVREVHUYHGQREDOOLQJRFFXUUHG+LJKWHQVLOHVWUHQJWKRIWKHILEUHHQDEOHVHIIHFWLYHXVH:LWKDVPDOOGLDPHWHURI
ILEUHVQHHGHGDVSHFWUDWLRLVREWDLQHGZLWKUHODWLYHO\VKRUWILEUHV3RO\SURS\OHQHILEUHVHQVXUHERWKJRRGFRQWURORI
VKULQNDJHDQGLQGXFHGFUDFNLQJDQGHQKDQFHPHQWRIWKHWHQVLOHDQGIOH[XUDOVWUHQJWKRI)5&&RQWULEXWLRQ
RISRO\SURS\OHQHILEUHVWRILUHVDIHW\RIVWUXFWXUDOPHPEHUVLVHYLGHQW,QLQLWLDOVWDJHVRIUHVHDUFKSURMHFWDGRVDJH
RIILEUHVZDVH[DPLQHG$RQHSHUFHQWYROXPHFRQWHQWRIILEUHVVKRZHGFRQYHQLHQWSURSHUWLHVRIUHVXOWDQWPDWHULDO
GXFWLOLW\ UHVLGXDO VWUHQJWKV DQG VDWLVIDFWRU\ PHW GHPDQGV RQ ERWK VKULQNDJH FUDFNLQJ DQG OD\RXW RI FUDFNV DW
XOWLPDWH ORDGLQJ ,Q D IROORZLQJ VWDJH RI WKH SURMHFW D VWUXFWXUDO HOHPHQW ZDV LQTXLUHG LQWR0RUHPL[WXUHVZHUH
SUHSDUHGWRFRPSDUHEHQHILWRIILEUHVLQWKHFRQFUHWHPDWUL[DFRQYHQWLRQDOFRQFUHWHDQGFRUUHVSRQGLQJ)5&ZLWK
SRO\SURS\OHQHILEUHVRIVWUHQJWK03DOHQJWKPPDQGEXONGHQVLW\NJP$VHWRIWHVWEHDPV[
[PPUHLQIRUFHGZLWKWZRVWHHOEDUVRIPPGLDPHWHUERWKIURPFRQFUHWHDQG)5&ZHUHPDQXIDFWXUHG
3URSHUWLHVRIWKHVWHHOXVHGDVDORQJLWXGLQDOUHLQIRUFHPHQWZHUHGHWHUPLQHGLQDWHQVLOHWHVW7KH\LHOGVWUHQJWKZDV
03D7KHVWHHOKDGUHODWLYHO\ORZLQFUHDVHRIVWUHQJWKIURPWKHYDOXHRI\LHOGVWUHQJWKWRXOWLPDWHVWUHQJWK
7KH EHDPV ZHUH EHQGHG LQ D ODERUDWRU\ WHVW DQG D GHIOHFWLRQ DW PLGVSDQ ZDV PHDVXUHG DQG GHYHORSPHQW RI
FUDFNLQJZDVREVHUYHG7KHEHDPVZHUHORDGHGDQGFRQWUROOHGZLWKGHIRUPDWLRQ7KHVSHHGRIORDGLQJZDVORZDW
ILUVWVWDJHVRIH[SHULPHQWDIWHUFUDFNIRUPDWLRQ WKHVSHHGZDV LQFUHDVHG7KH ORDGZDVDSSOLHGXQWLOD IDLOXUHZDV
UHDFKHG
0DWHULDOSURSHUWLHVRSWLPL]DWLRQ
6RIDUFRQFUHWHVZLWKILEUHVZHUHQRWFRPPRQO\XVHGIRUVWUXFWXUDOPHPEHUVDVXWLOLVDWLRQRIVXFKPDWHULDOKDG
ORZILQDQFLDOEHQHILWV%XWVWHSVDUHEHLQJXQGHUWDNHQWRSUHSDUHIRUFRQGLWLRQVZKHQXVHRIVXFKDPDWHULDOZRXOG
EULQJ VDYLQJV RU HDUQLQJV WR FRQWUDFWRUV 7KH GDWDEDVH RI PDWHULDO SURSHUWLHV LQFOXGLQJ PDWHULDO SDUDPHWHUV IRU
QXPHULFDOVLPXODWLRQLQ)(0LVEHLQJFRPSLOHGEDVHGRQWHVWVRIFRQFUHWHVZLWKYDULRXVILEUHVDQGGLIIHUHQWGRVDJH
ZLWKRXWDQGZLWKOLPLWHGVWHHOEDUUHLQIRUFHPHQW
 7KHVWUXFWXUDODQDO\VLVRIDSDUWLFXODUVWUXFWXUHRUVWUXFWXUDOHOHPHQWZRXOGFRQVLVWRISUHOLPLQDU\DQDO\VLV
ZKHUHWKHVWUHVVVWDWHRIWKHHOHPHQWGXHWRORDGLQJZRXOGEHFDOFXODWHG2QWKHEDVLVRIUHTXLUHGSURSHUWLHVRIWKH
VWUXFWXUH GDWDEDVH RI PDWHULDO SURSHUWLHV FRQYHQLHQW FRQFUHWH PL[WXUH DUH FKRVHQ DQG QXPHULFDO VLPXODWLRQ
SHUIRUPHGWRSUHGLFWEHKDYLRXURIWKHVWUXFWXUH)LQGLQJRIRSWLPDOSURSRUWLRQRIILEUHVIRUDQ\DSSOLFDWLRQLQWHUPV
RI3HUIRUPDQFH%DVHG'HVLJQLVGHFLVLYH$QRSWLPL]DWLRQSUREOHPLVVROYHGWRPHHWGHPDQGHGSURSHUWLHVDQGWR
GHVLJQDUHDOLVWLFPL[WXUHZLWKJRRGZRUNDELOLW\DWIDYRXUDEOHSULFH$FDVHVWXG\>@ZLWKLQWKHSURMHFWPHQWLRQHG
DERYHZDVGHYHORSHGIRUFKRLFHRISDUDPHWHUVIRUGLIIHUHQWJURXSVRIVWUXFWXUDOPHPEHUV3DUDPHWHUVRIVLPXODWLRQ
GHSHQG RQ WKH W\SH RI WKH VWUXFWXUH QDPHO\ LI WKH UHOLDELOLW\ RI WKH VWUXFWXUH GHSHQGV RQ WKH EHKDYLRXU EHIRUH
FUDFNLQJRUDIWHUFUDFNLQJDQGRQDFFHSWDEOHVLPSOLILFDWLRQRIWKHVWUXFWXUH
$SSOLFDWLRQVRI)5&LQSUHFDVWHOHPHQWV
 %ULGJHDFFHVVRULHVIURP)5&

,QDSLORWSURMHFWFRQGXFWHGLQWKHIUDPHRIWKHSURMHFWVXSSRUWHGE\PLQLVWU\RILQGXVWU\DQGWUDGHLQFRRSHUDWLRQ
ZLWKFRQVWUXFWLRQLQGXVWU\FRQFHUQLQJGHVLJQPHWKRGVDQGSUDFWLFDODSSOLFDWLRQRIYDULRXVW\SHVRIILEUHUHLQIRUFHG
FRQFUHWHVHYHUDO W\SHVRIVLPSOHSUHFDVWPHPEHUV IRUEULGJHDFFHVVRULHVLQWKHVSKHUHRIEULGJHFRQVWUXFWLRQZHUH
WLSSHGIRUWHVWLQJLQWKHSURGXFWLRQSODQW
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)RUPRUHVHWVRISUHFDVWFRQFUHWHPHPEHUVLQWHQGHGIRUDSSOLFDWLRQRI)5&DQGQRWLQWKDWSURMHFWRQO\LWLV
QHFHVVDU\WRFKRRVHGLIIHUHQWHIILFLHQWW\SHRIILEUHVUHLQIRUFHGFRQFUHWHZLWKVXLWDEOHPL[FRPSRVLWLRQ7KHUHDVRQV
ZHUHGLIIHUHQFHVLQORDGLQJVDQGFRQGLWLRQVDFWLQJRQPHPEHUVGXULQJWKHLUVHUYLFHOLIH3UHFDVWHOHPHQWVRIEULGJH
FRUQLFHV  FRYHULQJ SODWHV DUH DX[LOLDU\ HOHPHQWV ZLWKRXW ORDGEHDULQJ IXQFWLRQ EXW FUDVK EDUULHUV KDYH WR UHVLVW
LPSDFW ORDGV RI YHKLFOHV DQG VDIHW\ RI WKHLU GHVLJQ LV YHU\ LPSRUWDQW 2Q WKH RWKHU KDQG ERWK HOHPHQWV KDYH LQ
FRPPRQWKDWWKH\DUHXVXDOO\GHVLJQHGDFFRUGLQJWRFRQVWUXFWLRQDOSURYLVLRQVVRWKDWWKH\VKRXOGUHVLVWPHFKDQLFDO
GDPDJHVFDXVHGE\WUDIILFDQGYDULRXVHQYLURQPHQWDOH[SRVXUHVLQFOXGLQJDUHDVVXEMHFWWRIUHH]HWKDZ7KHUHVXOWRI
WKHVWXG\ZDVWKDWFRQFUHWHZLWKVWUXFWXUDOV\QWKHWLFILEUHVZDVWKHEHVWVROXWLRQIRUFRUQLFHSODWHVDQGFRQFUHWHZLWK
VWHHO ILEUHV LV WKHPRVW VXLWDEOHPDWHULDO IRUEDUULHUVGXH WR LWVJUHDWHU WRXJKQHVVDQG LQFUHDVHG WHQVLOH VWUHQJWK LQ
FRPSDULVRQ WR SODLQ FRQFUHWH %RWK VHOHFWHG ILEUH UHLQIRUFHG FRQFUHWH PDWHULDOV KDYH JRRG GXFWLOLW\ QHHGHG IRU
HOHPHQWVH[SRVHGWRVHYHUHFRQGLWLRQVRQEULGJHVFRQFHUQLQJFKDQJHVRIWHPSHUDWXUHDQGKXPLGLW\
3URGXFWLRQRIVHOHFWHG)5&HOHPHQWV

7UDQVLWLRQIURPDQLQWHQWLRQRIDQ)5&DSSOLFDWLRQWRWKHDFWXDOSURGXFWLRQRIDQHOHPHQWZDVYHU\GHPDQGLQJ
SURFHVV7KHUHIRUH RQO\ VLPSOH HOHPHQWVZHUH WLSSHG IRU WKH ILUVW SKDVH RI SURGXFWLRQ2SHUDWLQJ FRQGLWLRQV LQ D
SURGXFWLRQSODQWDUHGLIIHUHQWIURPFRQGXFWLQJODERUDWRU\VWXGLHV+DUPRQL]HGFRPSRQHQWVRIFRQFUHWHPL[WXUHKDG
WREHDGMXVWHGDQGWHFKQRORJLFDOSURFHVVVKRXOGEHYHULILHGIRUVHOIFRPSDFWLQJW\SHRIFRQFUHWH7KHSURFHGXUHRI
SURGXFWLRQ RI IUHVK ILEHU UHLQIRUFHG FRQFUHWH DQG FDVWLQJ FRQFUHWH LQWR WKH IRUP LV GRFXPHQWHG RQ WKH IROORZLQJ
SKRWRWKH)LJ6PRRWKFRQFUHWHVXUIDFH)LJZDVREVHUYHGRQWKHERWWRPRIWKHHOHPHQWVDIWHUWKHLUOLIWLQJIURP
WKHIRUPWKHDSSHDUDQFHRIWKHHOHPHQWVZDVQRWDIIHFWHGE\XVHGILEHUVDQGWKHIODWSODQHVKRZHGQRYLVLEOHVLJQV
RI VLQJOH SRO\SURS\OHQH ILEHU $Q LQVSHFWLRQ VKRZHG WKDW YLVXDO LPSDFW RI WKH HOHPHQW LV GLVWLQJXLVKHG ZLWK QR
GHWHULRUDWLRQRQWKHH[SRVHGVLGHRIHOHPHQW)LEHUVZHUHDSSOLHGWRLPSURYHFRQFUHWHUHVLVWDQFHWRFUDFNLQJPDLQO\
DW SODVWLF VWDJH RI FRQFUHWH 5HVXOWV RI WHFKQLFDO LQVSHFWLRQV DQG PHDVXULQJ PDGH GXULQJ WKH FRQFUHWLQJ RI WKH
HOHPHQWDQGDIWHUILUVWVWDJHRIKDUGHQLQJZHUHYHU\JRRG&UDFNVRFFXUUHGDIWHUDIHZZHHNVZHUHYHU\ILQHPRVWRI
WKHPXSWRPP$GHVLJQVWXG\ZDVFDUULHGRXWWRHQKDQFHWKHFDSDFLW\RIWKHFRUQLFHSODWHWRFDUU\DOOWKHORDGV
ZLWK ORZHU FRQYHQWLRQDO UHLQIRUFHPHQW 7KH WKLFNQHVV RI WKH PHPEHU ZDV VPDOOHU DQG WKHUHIRUH WKH ZHLJKW
GHFUHDVHGDQGWKHRYHUDOOGLPHQVLRQVRIWKHHOHPHQWZHUHRSWLPL]HG&RVWRQWKHPRUHH[SHQVLYHPDWHULDOGXHWR
FRVWRI ILEHUVZDVFRPSHQVDWHGE\GHFUHDVLQJRI LWV ORZHU WRWDOYROXPHVDYLQJVRIFRQFUHWHDQGE\SDUWLDO
UHPRYDORIFRQYHQWLRQDOEDUUHLQIRUFHPHQWDQGE\FXWGRZQRIDUPRXULQJODERXU7KHFRVWRQWUDQVSRUWDQGKDQGOLQJ
ZDVDOVRORZHUGXHWRORZHUVHOIZHLJKW7KH)5&HOHPHQWVDUHFRVWHIIHFWLYHGXHWRORZHUFRQVXPSWLRQRIPDWHULDO
DQGHQHUJ\0HFKDQLFDOUHVLVWDQFHRIWKHSODWHVGXULQJWUDQVSRUWDQGPDQLSXODWLRQZHUHYHULILHGDIWHUDORQJHUWLPH
SHULRG7RWDOHFRQRPLFDOHIILFLHQF\RI)5&SODWHVZDVHYDOXDWHGDIWHUWHVWLQJLQWKHILHOGDUHDRQODUJHUQXPEHURI
HOHPHQWV)XUWKHUEHQHILWLQSHUIRUPDQFHRIWKH)5&HOHPHQWVFDQEHVHHQLQKLJKHUGXUDELOLW\ORZHUPDLQWHQDQFH
FRVW DQG ORQJHU OLIHVSDQ RI WKH VWUXFWXUH 3URSHU PDWHULDO FKDUDFWHULVWLFV DUH HQVXUHG E\ SURGXFWLRQ RI FRPPRQ
FRQFUHWHZLWKV\QWKHWLFSRO\SURS\OHQHILEUHVRIHIILFLHQWGRVDJHSHUFXELFPHWHU$FFRUGLQJWRRXUREVHUYDWLRQV
WKH XVH WKHVH SRO\SURS\OHQH ILEUHV IRU EULGJH FRUQLFH SODWHV DSSOLHG IRU FRQFUHWH EULGJHV LV YHU\ XVHIXO IRU
PLQLPL]LQJRIFUDFNVDQGSURORQJDWLRQVHUYLFHOLIHIRUYHU\VPDOOILQDQFLDODPRXQW
(IIHFWLYHQHVVRIWKHPHPEHU

6HYHUDO VHULHVRI WKHSODWHVRIGLIIHUHQW JHRPHWU\ZLWKGLIIHUHQWSURSHUWLHVDQGZLWKGLIIHUHQW W\SHVRIKDQJHUV
ZHUHSURGXFHG(IIHFWLYHQHVVFDQEHH[SUHVVHGE\PHDQVRIFRPSDULVRQRIWKHYDOXHVZLWKWKHYDOXHVRIWKHRULJLQDO
SUHFDVWHOHPHQW IURPFXUUHQWFRQFUHWH$)5&PHPEHUKDV ORZHUZHLJKWE\E\ORZHUFRQVXPSWLRQRI
FRQFUHWHDQGE\GHFUHDVHGQHHGRIVWHHOEDUUHLQIRUFHPHQWZKLFKFRXOGE\RPLWWHGGXHWRKLJKHUWRXJKQHVV
DQGGXFWLOLW\RI  DQHZPDWHULDO3URGXFWLRQSUL]H LV ORZHU ,Q IDFW WKH VDYLQJVDUHPXFKJUHDWHU HOHPHQWRI
VPDOOHU VL]HQHHGV OHVV VSDFH OHVV WUDQVSRUW DQGPDQLSXODWLRQFRVWV'XH WR LPSURYHGSURSHUWLHV WKHPDLQWHQDQFH
FRVW DUH ORZHU WRR DQG VHUYLFH OLIH LV ORQJHU )(0 DQDO\VLV RI WKH SODWH HOHPHQW PRGHO YHULILHG WKH YDOXHV RI
PD[LPXP WHQVLOH VWUHVVHV LQ WKH DUHD RI MRLQW KDQJHU WKDW GR QRW H[FHHG WHQVLOH VWUHQJWK RI WKH  ILEUH UHLQIRUFHG
FRQFUHWHLQIDFWWKHVWUHVVLVDVORZWKDWWKHHOHPHQWFRXOGEHSURGXFHGHYHQIURPWKHFRQFUHWHRIORZHUJUDGH7KH
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UHTXLUHPHQWVRQGXUDELOLW\RIVXFKHOHPHQWVKRZHYHUSUHIHUWKHFRQFUHWHRIKLJKHUJUDGHV$OOVLPXODWLRQVZHUHZHOO
ZLWKLQWKHW\SLFDOVDIHW\IDFWRUVXVHGIRUVWUXFWXUDOGHVLJQRIWKHHOHPHQWV
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)LJD&DVWLQJRI)5&PHPEHUEOLIWLQJIURPWKHIRUPZRUN
&ROXPQVRIQRLVHEDUULHUFRQFUHWHZDOOV\VWHP

7KHH[SHULPHQWDOUHVHDUFKYHULILHGSUHFDVWPHPEHUVRIQRLVHEDUULHUUHLQIRUFHGFRQFUHWHZDOOV\VWHP7KHQRLVH
EDUULHUV\VWHPFRQVLVWVRIFROXPQVIL[HGLQWKHEDVHPHQWDQGRIKRUL]RQWDOO\VSDQQLQJSDQHOV7KHFROXPQVKDYH,
VKDSHGFURVVVHFWLRQZKDWHQDEOH VXSSRUWLQJRIKRUL]RQWDOSDQHOV7KHFROXPQVDUHPDQXIDFWXUHG LQ OHQJWKV IURP
WZRWRVL[PHWHUVDFFRUGLQJWRORFDOFRQGLWLRQVRQWKHILQDOSRVLWLRQDQGRWKHUUHTXLUHPHQWV&XUUHQWSUHFDVWFROXPQV
DUH PDGH IURP UHLQIRUFHG FRQFUHWH ZLWK FODVVLFDO VWHHO EDU UHLQIRUFHPHQW 7KH LQYHVWLJDWLRQV HQTXLUHG DIWHU
SRVVLELOLWLHVRIWKHUHGXFWLRQRIUHEDUUHLQIRUFHPHQWLQWKHHOHPHQWZLWKFRPELQHGUHEDU±GLVSHUVHGUHLQIRUFHPHQW
DQG LI LWZRXOGEHFRVWHIIHFWLYH7KHIHDVLELOLW\RISURGXFWLRQRISUHVWUHVVHGFROXPQVZLWKDQGZLWKRXWGLVSHUVHG
ILEUHUHLQIRUFHPHQWZDVYHULILHGWRR6HYHUDOW\SHVRIFRQFUHWHFODVVHVZLWKYDULRXVILEUHVZHUHLQYHVWLJDWHG:LWKLQ
WKHSURMHFWSUHFDVWHOHPHQWVZHUHQRPLQDWHGSURSRVHGWREHVXLWDEOHIRUPRGLILFDWLRQDQGFKDQJHRIWHFKQRORJ\
6RPHSUHFDVWFROXPQVIURPWKHFXUUHQWSURGXFWLRQVKRZGHIHFWVDIWHUWUDQVSRUWWRWKHVLWHWKHHGJHVDQGFRUQHUV
DUHVSDOOHGRXW2WKHUFROXPQVH[KLELWGHIHFWVDIWHUDVVHPEOLQJ7KHVHGHIHFWVDUHFODLPHGE\WKHFRQWUDFWRUDQGWKH
SURGXFHUPXVWUHSDLUWKHPRUUHSODFHWKHGDPDJHGHOHPHQW,QWKHGHFLVLRQPDNLQJSURFHVVDVXLWDEOH)5&PXVWEH
GHILQHGFRQVLGHULQJPDQ\DVSHFWV7KHTXHVWLRQZDV LIPRUHSURILWDEOH LVXVLQJRI6)5&6WHHO)LEHU5HLQIRUFHG
&RQFUHWHZLWKRXWVWDQGLQJWHQVLOHVWUHQJWKRU6)5&ZLWKKLJKHUGXFWLOLW\7KHOHQJWKRIILEHUVLV LPSRUWDQWDVWKH
GLPHQVLRQVRIVHFWLRQDUHUHODWLYHO\ORZDQGWRRORQJILEUHVPD\FDXVHQRQKRPRJHQHLWLHVDQGEDOOLQJRIILEUHV7KH
GLVSHUVHGUHLQIRUFHPHQWZDVDVVXPHGLQWZRRSWLRQV±VWHHOILEUHVDQGV\QWKHWLFILEUHV6)5&ZDVFKRVHQLQFDVHV
ZKHUHWKHLQFUHDVHRIWHQVLOHVWUHQJWKDQGUHVLGXDOWHQVLOHVWUHQJWKZHUHGHPDQGHGV\QWKHWLFILEUHVZHUHFKRVHQIRU
WKH LQFUHDVH RI WRXJKQHVV DQG UHVLVWDQFH WR VWURNH GDPDJH DQG VKULQNDJH :RUNDELOLW\ ZDV WHVWHG VWDQGDUG
ODERUDWRU\WHVWVZHUHSHUIRUPHGDQGVWUHQJWKVGHWHUPLQHG
)XOOVFDOH WHVWV DQG QXPHULFDO VLPXODWLRQV RI WKH SUHFDVW FROXPQVZHUH SHUIRUPHGZLWKLQ WKH UHVHDUFK SURMHFW
7KH WHVWHG VSHFLPHQV ZHUH  P ORQJ ,VKDSHG VHFWLRQ KDG ZHE  PP WKLFN DQG KDXQFKHG IODQJHV 7KH
SUHVWUHVVLQJWHQGRQVZHUHSODFHGLQWKHYHUWLFDOD[LVRIV\PPHWU\
,QUHDOFRQGLWLRQVWKHHOHPHQWLVIL[HGWRWKHVSUHDGIRRWLQJDQGDFWVDVDFDQWLOHYHU0RGHOOLQJRIDIL[HGVXSSRUW
LQODERUDWRU\FRQGLWLRQVZDVVLPXODWHGE\WZRSLQQHGVXSSRUWVILUVWZLWKWKHVSDQRIP/D\RXWRIWKHWHVWLV
GHSLFWHGLQWKH)LJD/DWHUFROXPQVWRJHWKHUZLWKIRRWLQJVZHUHWHVWHG

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)LJD6HWXSRIWKHIXOOVFDOHWHVWLQDODERUDWRU\E&URVVVHFWLRQ±VKDSHDQGSRVLWLRQRIUHLQIRUFHPHQWLQFRQFUHWHFROXPQ

'HIRUPDWLRQVFUDFNZLGWKVDQGORDGDUHPHDVXUHGLQWHVWV)RUWKHSUHVWUHVVHGPHPEHUVSXOOLQRISUHVWUHVVLQJ
WHQGRQVZDVPHDVXUHGWRYHULI\WKHWUDQVIHUOHQJWKRISUHVWUHVVLQJWHQGRQVDQGQHHGHGOHQJWKRIIL[LQJLQVXSSRUW
&ROXPQVRI,VKDSHGFURVVVHFWLRQZLWKVHH)LJEFRQFUHWHGRI&DQG&FRQFUHWHUHLQIRUFHG
FRQFUHWH FROXPQV ZLWK VWHHO %% SUHVWUHVVHG FRQFUHWH FROXPQV ZLWK SUHVWUHVVLQJ VWUDQGV 6 <± $
6WHHOILEUHV)LEUH[DQGV\QWKHWLFILEUHVRISRO\SURS\OHQHZHUHXVHG3UHVWUHVVLQJVWUHVVZDV03D)RRWLQJVIRU
DOO W\SHVRIFROXPQVZHUHIURP&FRQFUHWHDQGVWHHO%%)RRWLQJUHLQIRUFHPHQWFRQVLVWVRIORQJLWXGLQDO
EDUVDQGWUDQVYHUVHVKHDUVWLUUXSVERWKSURILOHPP
0D[LPXPORDGDQGORDGDWWKHFUDFNLQJZLWKFUDFNZLGWKOHVVWKDQRIYDOXHN1ZDVSURPLVLQJUHVXOW
IURPSRLQWRIYLHZRIUHDOSHUIRUPDQFHRIFKRVHQPDWHULDO7KHRYHUDOOUHVXOWVSURYHGWKDWSUHVWUHVVLQJDQGDKLJKHU
FODVVRIFRQFUHWH OHG WR LQFUHDVHG UHVLVWDQFHRISUHVWUHVVHGFRQFUHWHFROXPQVFRPSDUHG WR WKH UHLQIRUFHGFRQFUHWH
FROXPQ /RDG DW WKH ILUVW FUDFN RI SUHVWUHVVHG FRQFUHWH FROXPQV LVPXFK KLJKHU WKDQ WKDW RI UHLQIRUFHG FRQFUHWH
FROXPQ
7KH ODERUDWRU\ WHVWV VKRZHG KLJKHU UHVLVWDQFH WKDQ WKH WKHRUHWLFDO DQDO\VLV ,Q WKH DQDO\VLV RI H[HFXWHG WHVWV
VHYHUDO UHDVRQV RI WKH GLIIHUHQFHV ZHUH SURQRXQFHG 3HUIRUPHG WHVWV FDOFXODWLRQV DQG VLPXODWLRQV VKRZ WKDW
SUHVWUHVVHGFROXPQVKDYHKLJKHUUHVLVWDQFHWKDQWKHUHLQIRUFHGFRQFUHWHFROXPQVDWWKHVDPHWLPHWKHIDLOXUHPRGH
LV DFFHSWDEOH DQG VDIH )RU WKH WHVWHG OHQJWK RI FROXPQV ZHUH WKH SUHVWUHVVHG FROXPQV UHOLDEOH HYHQ ZLWKRXW
DGGLWLRQDOVKHDUUHLQIRUFHPHQWRUGLVSHUVHGUHLQIRUFHPHQW7KHILEHUUHLQIRUFHPHQWHQKDQFHV WRXJKQHVVUHOLDELOLW\
DQGUHVLVWDQFHWRGDPDJHGXULQJWUDQVSRUWDQGPDQLSXODWLRQDQGDOVRGXUDELOLW\LQVHYHUHFRQGLWLRQV
&RQFOXVLRQV
,QQRYDWLRQ FRQVLVWHG LQ D WUDQVLWLRQ IURP FXUUHQW FRQFUHWH WR ILEUH UHLQIRUFHG FRQFUHWH ZKHQ DQ RSWLPL]DWLRQ
SURFHGXUHLVQHFHVVDU\VWDUWLQJIURPVHOHFWLRQRISURSHUW\SHRIILEUHUHLQIRUFHGFRQFUHWHPL[WXUHDGMXVWLQJVKDSH
DQG WKLFNQHVV RI WKH PHPEHU DQG H[SHULPHQWDO YHULILFDWLRQ RI VWUXFWXUDO EHKDYLRXU RI WKH QHZ PHPEHU
DFFRPSDQ\LQJZLWKVHWVRIDGGLWLRQDOWHVWVLQFOXGLQJORQJWHUPEHKDYLRXUPRGHOOLQJDQGVLPXODWLRQ7KHSURFHGXUH
LQFOXGHG RSWLPL]DWLRQ RI DPRXQW RI ILEUHV VR WKDW LWZDV HQVXUHG WKDW WKHPHPEHUZRXOG QRW IDLO RU EH GDPDJHG
GXULQJ IXQFWLRQ RU WUDQVSRUW XQGHU FRQGLWLRQV SUHVFULEHG IRU SUHFDVW HOHPHQWV RI FRPPRQ W\SH DQG FRPPRQ
UHLQIRUFHPHQW7KHPDQXIDFWXULQJLQUHDOIDFWRU\FRQGLWLRQVZDVYHULILHGDQGVXFFHVVIXOSURGXFWLRQRIPHPEHUVZDV
VWDUWHG7KHSURGXFWZDVJLYHQWKH,QQRYDWLRQRIWKH\HDU$ZDUGE\$VVRFLDWLRQRILQQRYDWLYHHQWUHSUHQHXUVKLSRI
WKH&]HFK5HSXEOLF WKDW UHJXODUO\DSSUHFLDWHVDQ LPSURYHGSURGXFW WHFKQRORJ\RU VHUYLFHHIIHFWLYHO\ ORFDWHG LQWR
WKHPDUNHW
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$FNQRZOHGJHPHQWV
7KLVRXWFRPHKDVEHHQDFKLHYHGZLWKWKHILQDQFLDOVXSSRUWRIWKH0LQLVWU\RI,QGXVWU\DQG7UDGHRIWKH&]HFK
5HSXEOLF SURMHFW 1R )57, DQG VXSSRUW RI WKH 7HFKQRORJ\ $JHQF\ RI WKH &]HFK 5HSXEOLF 3URMHFW 1R
7(LVDOVRJUDWHIXOO\DFNQRZOHGJHG
5HIHUHQFHV
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